The effect of dietary safflower phospholipid (Saf-PL) and soybean phospholipid (Soy-PL) on plasma, liver, and fecal lipids in rats fed a hypercholesterolemic diet was compared with that of triglyceride mixture (controls). Triglyceride mixture (SP-Oil) of safflower oil and palm oil (8:2) contained almost comparable amounts of linoleic acid to safflower phospholipid or soybean phospholipid. Concentration of total cholesterol in plasma of rats fed the Saf PL and Soy-PL diets were significantly decreased in comparison with that of the SP-Oil diet. Simi larly, both Saf PL and Soy-PL induced a reduction in the concentration of liver cholesterol compared with SP-Oil; Saf PL indicated the lowest value. Saf PL only significantly increased the level of high density lipoprotein (HDL) cholesterol. The level of chylomicron plus very low density lipoprotein (VLDL) cholesterol was lower in rats fed the Saf-PL and Soy-PL diets than that of the SP-Oil diet. The activity of plasma lecithin-cholesterol acyltransferase (LCAT) was increased in rats fed Saf-PL and Soy-PL. Saf PL and Soy-PL caused an enhanced excretion of fecal neutral steroids, but not acidic steroids compared with SP-Oil. These results suggest that, in addition to soybean phospholipid, safflower phospholipid suppresses the elevation of plasma and liver cholesterol and that this effect may be brought about by inhibiting the absorption of cholesterol in the small intestine.
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The effect of dietary phospholipids on serum lipids and lipoproteins has been extensively studied in humans (1) (2) (3) and rats (4) (5) (6) (7) (8) (9) . However, the mechanisms of cholesterol-lowering action of dietary phospholipids have still not been clarified . In a previous paper, we reported that safflower phospholipid suppressed the elevation of plasma and liver cholesterol in rats fed a hypercholesterolemic diet (10) . We also showed that there was a significant difference of food intake between safflower phospholipid and triglyceride mixture (safflower oil: palm oil= 8:2). Therefore, in order to equalize the food intakes between safflower phospholipid and triglyceride mixture, the feeding procedure was altered from ad libitum to pair-feeding . In this study, we have studied plasma and liver lipids and excretion of neutral and acidic steroids into feces in rats fed safflower phospholipid or soybean phospholipid compared with a triglyceride mixture containing comparable amounts of linoleic acid, respectively. SP-Oil diet. The level of chylomicron plus VLDL cholesterol was lower in rats fed the Saf PL and Soy-PL diets than that of the SP-Oil diet; Saf-PL indicated the lowest value.
LCAT activity
As shown in Table 3 , the LCAT activity was significantly higher when rats were fed the Saf-PL and Soy-PL diets than when fed the SP-Oil diet; Saf-PL indicated the highest value.
Liver lipids
Liver lipid concentrations of rats fed the various experimental diets are shown in Fecal lipids Feces dry weight and excretion of neutral and acidic steroids into feces in rats fed the experimental diets are shown in Table 5 . Feces weight (g/2 days) in rats fed the Saf PL and Soy-PL diets were higher than that in rats fed the SP-Oil diet . Both Saf PL and Soy-PL caused an enhanced excretion of neutral steroids into feces compared with SP-Oil; Saf PL indicated the highest value . The increase due to Saf PL and Soy-PL of fecal neutral steroids was more prominent in cholesterol than in coprostanol. The excretion of coprostanol into feces of rats fed the Soy-PL diets was increased compared with that of other diets. The excretion of acidic steroids into feces did not differ among the various groups.
DISCUSSION
In a previous study we reported that the safflower phospholipids suppress the elevation of plasma and liver cholesterol in rats fed a hypercholesterolemic diet . We also showed that there is a significant difference of food intake between safflower phospholipid and triglyceride mixture (safflower oil: palm oil=8:2) . Therefore, in the present study we used the pair-feeding as the feeding procedure in order to equalize their food intakes. This study was carried out in order to contrast the effect of dietary safflower phospholipid and soybean phospholipid on the cholesterol metabolism in plasma and liver of hypercholesterolemic rats . Both safflower phospholipid and soybean phospholipid were almost the same fatty acid composition, but their phospholipid class compositions were different . In this experiment, we showed that concentrations of plasma cholesterol in rats fed safflower phospholipid and soybean phospholipid were reduced. This result was similar to those of the previous experiments in rats (5-7, 9,10) and humans (1) . In addition to the reduction of plasma cholesterol, liver cholesterol also decreased . Safflower phospholipid indicated a marked reduction in liver total lipid, cholesterol and triglyceride compared with soybean phospholipid. Moreover , the plasmic activity of GOT and OPT were lower in rats fed the phospholipid diets. These results indicated that, in addition to soybean phospholipid , safflower phospholipid may have a significant role in the regulation of lipid metabolism in liver .
The concentrations of total cholesterol in the different lipoprotein fractions resulted in the favorable alteration when safflower phospholipid was fed . The changes in rats fed safflower phospholipid were a reduction in the level of chyro micron plus VLDL cholesterol and a rise in the level of HDL cholesterol. Soybean phospholipid also indicated a reduction in the level of chyromicron plus VLDL cholesterol. The rise of HDL cholesterol was similar to those of the previous experiments in rats (9, 10) and humans (1). Imaizumi et al. (7) reported that soybean phospholipid decreased the concentration of serum apolipoprotein A-I (apoA-I). Jimenez et al. (9) indicated that apoA-I disappeared in VLDL, inter mediate density lipoprotein (IDL), and LDL after lecithin feeding . However, in this experiment the concentrations of apoA-I in plasma and lipoprotein fraction were not determined. Therefore, we do not know whether safflower phospholipid reduces the concentration of apoA-I in plasma and lipoprotein fractions. These reductions of apoA-I remain to be studied.
In this experiment, it is shown that after safflower phospholipid and soybean phospholipid feeding there is a remarkable increase in LCAT activity; safflower phospholipid indicated the highest value. This result was similar to those of the previous experiments in rats (9, 10) . Zierenberg and Grundy (18) reported that the absorbed lecithin was incorporated preferentially into the HDL . It has been shown that polyunsaturated lecithin is a better substrate for LCAT (19) . We supposed that safflower phospholipid may increase the formation of mature HDL via activa tion of LCAT in the previous experiment (10) . In this experiment, it is shown that safflower phospholipid induces an increase in LCAT activity and a rise in HDL cholesterol level. However, soybean phospholipid induces a slight increase in LCAT activity, but not a rise in HDL cholesterol level. These results suggest that safflower phospholipid may be a better substrate for LCAT than soybean phospho lipid.
Both safflower phospholipid and soybean phospholipid increased the excretion of fecal neutral steroids, but not acidic steroids, compared with triglyceride mixture; safflower phospholipid indicated the highest value in fecal neutral steroids . The similar effect of dietary lecithin on the excretion of neutral steroids has been reported in rats fed cholesterol-enriched diet (20) and cholesterol-free diet (8 , 21) and humans (3). Imaizumi et al. (21) suggested that not only phosphatidylcholine (PC) but also phosphatidylethanolamine (PE) in diet was effective to interrupt the reabsorption of biliary cholesterol in the intestine in rats fed cholesterol-free diet .
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However, Jimenez et al. (9) reported that fecal excretion of neutral sterols was unmodified by polyunsaturated lecithin whereas acidic steroid excretion increased after lecithin feeding in hypercholesterolemic rats. They suggested that fecal bile acids could be derived from an increased catabolism of cholesterol in liver. These different results may be partially explained by the different concentrations of dietary phospholipid used in the respective experiments. In this experiment, we suppose that the increased excretion of fecal neutral steroids may be brought about by inhibiting the absorption of cholesterol in the small intestine. We showed that safflower phospholipid has the advantage of an increase of the level of HDL cholesterol, a reduction of liver cholesterol and an enhanced excretion of fecal neutral steroids in comparison with soybean phospholipid. However, the mechanisms of the different results between safflower phospholipid and soybean phospholipid cannot be explained by this experiment. Imaizumi et al. (21) demon strated that PE is responsible for the alterations of profiles of serum lipids and apoproteins in rats. Ishida et al. (22) suggested that the inositol moiety of phosphatidylinositol (PI) may have a significant role in the regulation of lipid metabolism. Therefore, further work is necessary to evaluate the roles of the respective phospholipids in plasma lipoprotein metabolism. 
